neighboring corneocytes ( = 2 samples; = 10 junctions per sample; = 100 cross-sections per 13 junction for each UV treatment condition) were extracted from the images. Individual profiles for each 14 UV dosage condition were normalized by peak pixel intensity, then averaged. Intercellular junctions were 15 considered to be located along the coinciding perimeters of adjacent corneocytes(42). 16
Statistical analysis.

17
All statistical analyses were performed using R (version 3.4.2). A 1-way ANOVA was used to test for 18 statistical significance in Figs. 1 and 2, where each UV condition (UVA, UVB, and UVC) was compared 19 to the control. Levene's and Shapiro-Wilk's tests were respectively used to determine equality of 20 variances and normality. Results in Fig. 1C were performed if statistical significance levels below 5% were established. In the figures, * denotes 1 ≤ 0.05, ** denotes ≤ 0.01, and *** denotes p ≤ 0.001. 2
RESULTS AND DISCUSSION 3
Changes in SC mechanical properties with UV irradiation. 4
Changes in the mechanical integrity of human SC with UV light range and dosage are first assessed. 5
Isolated human SC samples are irradiated with incident dosages of narrowband UVA (365 nm), UVB 6 (302 nm) or UVC (265 nm) light ranging between 0 (Control) and 4000 J/cm 2 ; the latter dosage being 7 equivalent to approximately 8 continual days of full-spectrum solar UVA (or 361 continual days solely at 8 365 nm) (ASTM G173-03, 2012). UV therapy treatments for various skin diseases including vitiligo, 9 pruitus, inflammatory dermatoses, and scleroderma can have cumulative dosages of up to 485 J/cm 2 for 10 narrowband UVB (311 nm)(44-46) and 2000 J/cm 2 for broadband UVA (340 to 400 nm)(47-49).
Figs. 11
1A-D respectively show the average (3 ≤ ≤ 9 samples for each UV dosage) elastic modulus, , 12 fracture stress, , fracture strain, , and work of fracture, , of irradiated samples equilibrated for 24 13 hr. to 25% relative humidity (RH) prior to mechanical testing. Fig. 1A highlights that no significant 14 change in elastic modulus occurs with either UVA or UVB irradiation, however a UVC dosage of 800 15 J/cm 2 induces a significant decrease in tissue stiffness, relative to controls. Fig. 1B shows that samples 16 undergo no significant reduction in fracture stress for UVA dosages less than 4000 J/cm 2 , UVB dosages 17 less than 800 J/cm 2 , and UVC dosages less than 400 J/cm 2 . However, dosages at or above these levels 18 cause statistically significant decreases. Similarly, Figs. 1C and D show that significant decreases in both 19 the fracture strain and work of fracture occur with UVA dosages of 4000 J/cm 2 , and both UVB and UVC 20 dosages equal to or greater than 400 J/cm 2 . and D. This trend is similar to that observed for samples equilibrated to 25% RH ( Fig. 1C and D) , 8 however the magnitude by which these parameters decrease is notably larger for the hydrated SC. 9
Moreover, UVC dosages of 100 J/cm 2 or greater also induce statistically significant decreases. The lack 10 of statistically significant changes in elastic modulus ( Results in Fig. 1 and 2 appear to highlight that for equivalent incident dosages, UVC light induces the 4 greatest loss in SC mechanical integrity, followed by UVB, then UVA. However, the incident dosage 5 does not equate with the physical energy absorbed by the SC tissue (50, 51). UV light is absorbed, 6 reflected, and transmitted through the SC; the degree with which each of these occurs is wavelength 7 dependent. Prior studies have shown that the percentage of incident UVA, UVB, and UVC light absorbed 8 by the SC is 25, 48, and 71%, respectively(50). Table S1 shows the energy physically absorbed by the SC 9 for each UV range and incident dosage. We further scrutinize our data to establish whether a relationship 10 exists between the energy absorbed by the SC, and the associated degradation in its mechanical integrity. 
Dispersion of intercellular desmoglein 1 with UV irradiation 8
While our results clearly demonstrate a loss of tissue mechanical integrity with sufficient irradiation from 9 all UV ranges, the underlying cause of this degradation remains unclear. Previous studies have 10 highlighted that tissue hydration is the predominant factor in altering the mechanical properties of SC(52-11 56). Reductions in water content are associated with increases in tissue elastic modulus(52-56), and 12 notable decreases in the ability of SC to plastically deform prior to rupture(53, 55). While reductions in 13 plastic deformability of SC equilibrated to 100% RH do occur with UV irradiation, as demonstrated in 14 Material. All cross-sectional profiles, irrespective of UV type and dosage, exhibit peak values at or 12 near the center of the cross-sectional profile, coincident with the cell-cell interface. However, while 13 intensity profiles exhibit a narrow peak at the cell-cell interface for UVB dosages of 200 J/cm 2 or less 14 (Fig. 7A-C) , consistent with dense localized puncta, greater dosages ( Fig. 7D and E) exhibit notably  15 wider peaks, indicative of dispersion. UVA and UVC irradiated samples also exhibit this trend, with 16 profile peaks widening with UVA dosages greater than or equal to 800 J/cm 2 ( Fig. S1D) and UVC 17 dosages greater than or equal to 200 J/cm 2 ( Fig. S1F-H) . These results indicate that increasing dosages 18 result in increased dispersion of desmoglein for all UV ranges. To better understand this dispersion, 1 profiles are fitted with a double gaussian function of the form, 2
3 where is the standard deviation and x denotes the lateral position across the averaged profile 4 (−2.5 ≤ ≤ 2.5 μm). The best-fit model to the control treatment profile is shown as the dotted-line in Fig.  5 7A. The inner and outer gaussian components of Eq. 2 are also plotted in Fig. 7A as dashed and solid  6 curves, respectively. We employ the standard deviation of the inner gaussian function to characterize the 7 dispersion of desmoglein, which we denote the dispersion index,
. 
column] 13
Changes in both the average work of fracture ( Fig. 3 and 4) , , and structural dispersion index (Fig. 7F ), 1 , with absorbed UV dosage, , exhibit exponential relationships. Combining Eq. 1 and 3, we establish 2 a power law expression relating structural and mechanical parameters of the form, 3
(5) 4 where = 1 2 ⁄ . For SC samples equilibrated to 25% RH, = −0.845. This structure-mechanical 5 relationship highlights that the mechanical integrity of the SC tissue scales with near inverse 6 proportionality to the dispersion of intercellular junction proteins away from intercellular interfaces. We 7 restrict this model to tissue equilibrated to dry (25% RH conditions) conditions because all UV irradiation 8 protocols were performed on dry tissue samples to minimize surface, unbound, and bound water(60, 61) 9 altering the absorption, reflection, and transmission of UV(51, 62-64). Moreover, SC equilibrated to a 10 lower relative humidity is more physiologically consistent in-vivo SC tissue (20-40% RH indoors(65); 11
30-80% RH outdoors(66)). 12
Conclusion 13
In this article, we quantify the impact of UV range and dosage on the mechanical and structural 14 degradation of isolated human stratum corneum (SC). For equivalent incident dosages, UVC light causes 15 the greatest loss in mechanical integrity of the tissue, followed by UVB and UVA. This is due to the 16 greater radiation energy UVC. However, when discounting reflected and transmitted components of the 17 incident light, a scaling law relationship between the energy absorbed and the work of SC fracture 18 emerges. This relationship highlights that no one UV range is more damaging than another. Rather, the 19 amount of energy absorbed governs the loss of tissue mechanical integrity. Further structural studies 20 reveal that desmoglein 1 (Dsg 1), a major component of corneodesmosomes, becomes dispersed with UV 21 exposure away from intercellular sites. Upon relating the mechanical and structural models, a near inverse 22 scaling law is revealed. This suggests that a simple immunostaining assay could therefore be employed to 23 quantify UV induced tissue damage. 24
We anticipate that UV light induced increases in protease activity could contribute to the observed 1 structural changes in Dsg 1 within corneodesmosomes, resulting in mechanical degradation. Stratum 2 corneum serine proteases that hydrolyze corneodesmosome components such as Dsg 1 exhibit increased 3 activity with UVB exposure in cultured epidermal keratinocytes(67). While reports have shown that the 4 enzyme activity of these proteases can be modulated ex vivo with factors such as hydration(68) and 5 inhibitors(69, 70), future studies should determine if similar increases in enzyme activity with UV 6 irradiation are seen in ex vivo SC. In addition, the scaling relationships established in this study should be 7 further tested. The validity of using absorbed energy and structural protein dispersion as a predictor of 8 biomechanical photoaging should be assessed over a wider range of the electromagnetic spectrum and in 9 deeper skin layers, perhaps through biomechanical testing and immunostaining of progressively thicker 10 skin specimens that retain epidermal, then dermal tissue. 11
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